



      複素ブラウン運動の一般化・










る．Mande1brot and Van Ness（1968）はfBmの自己相似性やスペクトル構造を明らかにし
た．Maccone（1981）はfBmの直交性や固有関数を導いている．






































 （2．2）           〈G（彦）〉＝0，
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また，複素領域でのランダムノイズ見は



















                      w （3．3）          Z（左）＝ΣZ。（左），















 （3．6）            C．z（τ）＝＜ΣZ5（C＋τ）ΣZ麦（彦）〉
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                   ＝Σ＜Z5（広十τ）Z3（広）＞．
                    ゴ
上式に（3．1）を代入すれば，＜＞で表される時間平均が評価できる．複素スケーリング定数の実
部が，貌｛が｝＞0 （プ：0，1，2，．．．，M）である場合，
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 Fig．1．Comp1ex Brownian motion derived from the scaled Langevin equations by the
    comp1ex scaling rule．Sca1ing parameters and complex fracta1dimension from
    the sca1ing ru1e are indicated．Unit of vertical axis is arbitrary，depending onσ2
    in the text．Abscissa is the time axis of640steps for the fu11－1ength．The1ocal
    states of the first four clusters and the tota1system response are shown for each
    example．Note that the osci11atory nature of the Brownian motion prevai1s as the








 （3．8）                  〈Zw（才1）Z斎（左2）〉＝左1〈≠2exP（一泌缶γτ），
ただし，τ＝＾一左。である．また，振動の周波数を決定する複素スケーリング定数の虚数部を
 （3．9）           脇＝S／ろ”｝
と表した．さらに，〈はムと左・の小さな値を取るものとし，

















／ ［         、1
ハ           川















0｝）’ハ 」川）@  U 640
Z1





                ・3       11
             t Z  市    ／；‘ t
            … O  し’）’川ハ 1…
            川                     〕
The complex Brownian motion in the limit cycle derived from the Langevin
equations by the comp1ex scaling ru1e．Sca1ing parameters and comp1ex fracta1
dimension are indicated．Note that the instabi1ity is enhanced by the parameter
α．Others are the same as those in Fig．1．
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Scaled Langevin Equation to GeneraIize the Comp1ex
                Brownian Motion
                 Jmji Koyama
        （FacuIty of Science，Tohoku University）
    A comp1ex system is considered to simu1ate the dynamica1process of random activa－
tions．The system is composed of a set of c1usters．Time evo1ution of each c1uster is
described by the Langevin equation．And a sca1ing m1e is introduced to the set of the
Langevin equations in order to mode1the comp1exity of the who1e system．The sca1ing
ru1e is describedby comp1ex parameters inthis study，thusthe comp1ex Langevinequations
being obtained．It is found that the present comp1ex system1eads to the genera1ization of
the comp1ex Brownian motion．The comp1ex Brownian motion thus obtained is character－
ized by a comp1ex fracta1dimension de丘ned by the sca1ing parameters．Orthogona1ity，
autocorre1ation function and power spectrum ofthe comp1ex Brownian motion are derived．
The comp1ex system shows the coup1ing between the interesting physica1process and its
background process．The1imit－cyc1e behavior of the Brownian motion and the instabi1ity
of the Brownian motion are derived by the comp1ex sca1ing of the Langevin equations．
Key words：Langevin equation，Brownian motion，complex Brownian motion，comp1ex fracta1
dimension．
